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PALEONTOLOGY.— On the fossil Mammalia of the first interglacial 
stage of the Pleistocene of the United States. 1 Oliver P. Hay. 

The writer accepts the conclusion of most recent geologists that 
there have been in North America four, possibly five, distinct glacial, 
and three, possibly four, interglacial stages. He holds, with most 
geologists, that during each glacial stage there prevailed at and beyond 
the border of the ice an arctic climate, which compelled the animals 
and plants either to retreat or to perish. Evidently at the beginning 
of the Pleistocene there existed an abundant fauna and at its end a 
meager one. If we seek the prime cause of the disastrous effects on 
the living things it will be found in the successive glacial climates. 

I can not accept the view of the Iowa geologists that the fossil 
animals found in the western part of the State, except perhaps a musk 
ox, existed there during the height of a glacial stage; nor is there suffi¬ 
cient evidence for us to believe that elephants existed there before the 
Nebraskan stage. 

Unfortunately the fossil remains found in the Aftonian deposits in 
Iowa are too often fragmentary; but according to our present knowl¬ 
edge, the following mammals inhabited that region at that time. 


Megalonyx jeffersonii 
Mylodon harlani 
Equus complicatus 
E. niobrarensis 
E. scotti 
E. laurentius 
E. excelsus 

Mylohyus? temerarius 
Elephas imperator 
E. columbi 
E. boreus 


Camelops? sp. indet. 
Alces shimeki 
Aftonius calvini 
?Symbos cavifrons 
Bison sp. indet. 
Stegomastodon mirificus 
Mammut progenium 
M. americanum 
Castor canadensis 
Castoroides ohioensis 
Euarctos americanus 


1 Received Oct, 22, 1930. 
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These fossils form the corner stone of our knowledge of the succes¬ 
sion of North American Pleistocene vertebrates. 2 

West of Missouri River the Equus beds of Cope, the Sheridan beds 
of Scott, extend from the glaciated region of South Dakota to the 
Gulf. They appear to be a continuation of the Aftonian of Iowa and 
to contain some of the same species and many in addition. On the 
Plains these beds are widely overlain by deposits of loess, sometimes 
very deeply. 

In Nebraska, about Seneca, have been collected Equus niobrarensis , 
E. excelsus , Camelops ?, Platygonus , and probably Elephas imperator 
and Stegomastodon mirificus . 3 Some of these species have been re¬ 
ferred to the Pliocene, but the geologists inform us that, at the close 
of the Pliocene, glacial conditions were already approaching in Great 
Britain. Migration in higher latitudes must therefore have been 
somewhat difficult for large, and more so for small, mammals. 

Near Grayson (Peters), Nebraska, a half mile or more from Niobrara 
River and from 50 to 100 feet above it, have been collected many 
genera and species found in the Aftonian of Iowa. Eighty per cent 
are extinct. These include Elephas imperator , three species of camels, 
two of horses and a saber-tooth tiger. 4 Since these animals lived, the 
Niobrara has cut down its channel 50 to 100 feet deeper and moved a 
mile away. 

Afton, Oklahoma, offers us a case in which a first interglacial fauna 
occurs near the surface of the Equus beds. A spring there, at which 
mammals for thousands of years quenched their thirst, has never been 
smothered by a deposit of loess. Besides later fossils, it has furnished 
five species of horses, two species of camels and Elephas imperator. 
Seventy-three per cent are extinct. 5 

At Frederick, Oklahoma, deep down in an old filled-up river bed on 
the top of a ridge 100 feet above the surrounding region, the stream now 
flowing ten miles away, have been collected 25 species of mammals, 
among them Elephas imperator ? , E . haroldcooki y Stegomastodon , 
Glyptodon , five or six species of horses, and at least two kinds of camels. 
All species are exinct. 6 

2 O. P. Hay. Carnegie Inst. Washington Pub. 322A: 286-301. 

3 0. P. Hay. Op. cit. 302. 

4 O. P. Hay. Op. cit. 100, 304. 

5 0. P. Hay. Op. cit. 94, 254. 

6 O. P. Hay and H, J. Cook. Proc. Colorado Mus. Nat. Hist. 9, No. 2. 





dec. 19 , 1930 


hay: pleistocene mammals 


503 


At Rock Creek, in Tule Canyon, Briscoe County, Texas, has been 
collected a large fauna in still other conditions. In late Pliocene or 
early Pleistocene times, during an uplift, a stream cut a gorge about 
100 feet deep into Miocene deposits. Later there was a depression 
during which were laid down four distinct Pleistocene beds amounting 
to about 90 feet. Then occurred another change. A quickened 
stream cut down through all the Pleistocene, through the Miocene and 
into the Triassic. In the Pleistocene of this canyon have been collected 
Glyptodon , two elephants (one of them Elephas imperator ), from four 
to six horses, and four kinds of camels, twenty or more species, all of 
which are extinct. 7 

Along Brazos River, at Waco, Texas, are three terraces, the highest 
standing 100 feet above the river. On this terrace have been found 
remains of Elephas imperator and of camels. 8 

At Pittbridge, Brazos County, 13 species of mammals have been 
collected, including Chlamytherium , Megatherium , a horse, a camel, 
three species of mastodons, and Elephas imperator . All belong to 
extinct species. 9 

In Austin County, on Brazos River, 80 miles from the Gulf, near 
San Felipe, have been collected nine species of extinct mammals, 
among them Elephas imperator , a horse, a camel, two species of 
mastodons, and a long-horned bison. 10 

Along the shores of Galveston Bay skeletons of elephants are fre¬ 
quently found. One at least of these was Elephas imperator . 

At Keeran Point, on the Gulf Coast, bones of a large camel have 
been collected. With these was associated an elephant, possibly E . 
imperator 11 

A comparison of the lists of fossils cited above as collected in Iowa, 
Nebraska, Oklahoma and Texas must convince one that all belong to 
an early stage of the Pleistocene and all to the same stage. Some of 
the collections cited, and most of those to be cited, contain three groups 
of species: (a) Species which do not occur in more recent deposits; 
(6) Species becoming extinct in later stages; (c) Species living into 
historical times. 

7 O.P. Hay. Carnegie Inst. Washington Pub. 322A: 85, 222, 232, fig. 2. 

8 O. P. Hay. Op. cit. 88, 127,161, 227, 243. 

9 O.P. Hay. Op. cit. 244, 245. 

10 O. P. Hay. Op. cit. 246. 

11 0. P. Hay. Op. cit. 21, 64,163, 248. 
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On map 25 of the author's work, Publication 322A, of the Carnegie 
Institution of Washington, are shown the localities in the middle region 
of the United States where extinct species of the genus Bison have 
been discovered. In Texas are 16 of these. On map 26 are indicated 
finds referred to Bison bison . Seven in Texas are thus identified, but 
the writer can not be sure that even one of these is at once Bison bison 
and older than the late Pleistocene. Had this animal lived in Texas 
with the species shown on map 25, it is hard to explain why no skull 
or even horn core has been discovered in association with early 
Pleistocene species. These extinct species were apparently buried 
when Texas was at a higher elevation and since that time the streams 
have spent their energy in deepening and widening their valleys. 
Satisfactorily identified remains of Bison bison appear to occur in 
Texas only on lower river terraces. 

I come now to deal with the earliest known Pleistocene mammals 
of Florida. In this state are some six localities where such remains 
have been collected. Details regarding these and citations of papers 
discussing them may be found in the writer's Publication 322 of the 
Carnegie Institution of Washington and in Dr. G. G. Simpson's 
article in the Twentieth Annual Report of the Florida Geological 
Survey, on pages 231 to 279. 

There is general agreement that the collections of the six localities 
mentioned below are of the same geological age; but there is disagree¬ 
ment as to what that age is. 

In “stratum No. 2" (now denominated Melbourne beds) at Vero, 
St. Lucie County, have been collected 29 species of mammals, of which 
21 are extinct, 67 per cent. Among these are 4 species of edentates, 
3 species of horses, a capybara, an undetermined camel, and the 
Florida saber-tooth tiger. Three miles away, in a corresponding 
formation, was found a jaw of Elephas imperator. 12 

From Melbourne, Brevard County, a collection of forty species of 
mammals has been reported, at least 60 per cent of which are extinct. 
Among these are Chlamytherium , a species of glyptodon, a camel, 
and Elephas imperator . 13 

Seminole Field, Pinellas County, has contributed 46 mammalian 
species. At least 27 of these are no longer living, 59 per cent. Five 

12 O.P. Hay. Op.cit. 163. 

13 G. G. Simpson. Florida Geol. Survey Ann. Rept. 20: 268. 
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species of edentates, two horses, three camels, and a saber-tooth are 
among the number. 14 

Not far from Sarasota, Sarasota County, have been collected 23 
species of mammals, of which at least 15 species, 65 per cent, are ex¬ 
tinct. Among these are a Glyptodon , a camel, a horse, and a saber¬ 
tooth tiger. 15 

About seven miles east of Sarasota have been secured 14 species of 
mammals, 11 of which, 80 per cent, are extinct. These include a 
camel, Chlamytherium and a horse. 16 

Near Arcadia, DeSoto County, along Peace Creek, have been found 
12 species of land mammals, of which 11, 91 per cent, are extinct. 
These include Glyptodon , two horses and Elephas imperator , 17 

These Melbourne beds and their fossils are now to be compared with 
those of western Iowa and those found from South Dakota to the Gulf. 
Certainly the fossils of Florida resemble in a general way those collected 
in the western region. There are in both states numerous edentates 
(such as ground sloths, and glyptodons), wolves, bears, great cats, 
elephants, mastodons, horses, tapirs, peccaries, camels, deer, bisons, 
gigantic beavers, and gigantic capybaras. Nearly every family of 
mammals found in Florida occurs also on the Plains. Of 51 genera of 
Melbourne mammals recorded by Simpson 18 18 are found also in 
Texas. Of 70 species of Melbourne mammals 14 are known in Texas; 
and quite certainly more collecting in the two states will increase the 
numbers of species possessed in common. Of the genera occurring in 
the Melbourne beds 23 are recorded from the deposits regarded as 
Aftonian of the region from western Iowa to the Gulf of Mexico. 

The collections made in Florida contain usually more species than 
those of the western region. This is simply because the Florida fossils 
were buried in ponds and slowly flowing streams, while those of western 
Iowa and of the Plains were deposited by swift waters which swept 
away the bones of the small creatures. At Vero, Florida, occur 29 
species, of which seven are small, 24 per cent of the whole. At Mel¬ 
bourne were found 44 species of which four were small, 9 per cent. 

At Lecanto 26 species were collected of which eight were small, 30 
percent. At Seminole Field44species were*secured, 12of which were 
small, 27 per cent. 

14 G. G. Simpson. Op. cit.264. 

15 G. G. Simpson. Op.cit.274. 

16 G. G. Simpson. Op.cit.275. 

17 O. P. Hay. Carnegie Inst. Washington Pub. 322: 381. 

18 G. G. Simpson. Florida Geol. Survey Ann. Rept. 20: 251. 
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On the other hand, in the Cox pit, near Missouri Valley, Harrison 
County, Iowa, have been collected 19 species, all of them large. 19 
At Peters, Nebraska, have been taken 21 species, only two small, 
9 per cent. At Frederick, Oklahoma, have been collected at least 23 
species, none small. From Rock Creek, Texas, have been reported 
IS species, none small. At Pittbridge, Texas, have been secured 14 
species, none small. 

If in this region the microfauna w r ere duly represented, the collec¬ 
tions Iwould be quite as large in species as those of Florida and probably 
the number of species common to both regions would be augmented. 

It is in order now to determine in what way Florida is related in its 
Pleistocene mammalian paleontology to that of the Great Plains. 
In looking over the records it is found that 50 species have been dis¬ 
covered in the collections made in Texas and referred by the writer to 
the early Pleistocene and that, of these, 16 species are regarded as 
common to Florida, that is, 32 per cent, and few small species occur. 
In Nebraska there have been collected apparently 22 species of mam¬ 
mals, very few small forms, and, of these 22, only six are known from 
Florida, 27 per cent. In Iow r a have been secured 25 species of which 
apparently eight, none small, are known from Florida, 32 per cent. 

Now are these differences in the composition of the various collec¬ 
tions such as we can or can not expect? Do they indicate different 
geological stages of existence? Taking into consideration the distance 
of the Plains from Florida, but more especially the differences in lati¬ 
tude and of faunal zones, what do we find at the present day? So far 
as I can determine there exist now in Texas 111 species of mammals. 
Of these 23 live in Florida, 20 per cent. In Nebraska there are approx¬ 
imately 50 existing mammals, of these 11 seem to belong also in Florida, 
22 per cent. 

It will hardly be questioned that these existing mammals of Florida, 
Texas, and Nebraska belong to the same geological time; but w r hat 
reason is there that quite similar differences should not be expected 
in the case of the animals of an early Pleistocene stage? 

The reader who is interested in this discussion is now invited to ex¬ 
amine the lists of fossils taken at various European localities from 
deposits which Mayet and Roman call the “Pliocene recent” and the 
“Pleistocene ancien.” 20 This “Recent Pliocene,” however, corre- 

19 O. P. Hay. Carnegie Inst. Washington Pub. 322A: 296. 

20 Mayet and Roman. Ann. Univ. Lyon (n.s.) fasc. 42: 22-68. 
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sponds to the first and second glacial and first and second interglacial 
stages of North American geology. Most of the lists cited belong to 
the first glacial stage, known to us as the Nebraskan, but the deposits 
he well outside the glaciated region. The Red Crag, however, is 
placed by Haug at the top of his period Neogene. 21 The pages of 
Mayet and Roman’s work on which each list begins is here cited. 

1. Sables de Chagny (p. 22). The list presents 18 species, of which 
all are extinct; no small species. Sixteen genera (including subgenera); 
five of them extinct, 31 per cent. 

2. Perrier (p. 29). Thirty-six species, all except one extinct; four or 
five small. Twenty-seven genera, four extinct, 14 per cent. 

3. Du Puy (p. 35). Thirteen species, all extinct; none small. Nine 
genera, three extinct, 33 per cent. 

4. Val d’Arno (p. 50). Thirty-five species, all extinct. Four or 
five species small. Twenty-five genera, six extinct, 24 per cent. 

5. Red Crag (p. 58). Eighteen species of land mammals, all extinct, 
one small. Sixteen genera, three extinct, 19 per cent. 

6. Cromer Forest bed (p. 66). Thirty-eight species, 14 extinct, 37 
per cent. Twenty-seven genera, four extinct, 15 per cent. Ten 
species small. 

This locality and its fossils are arranged by the French authors at the 
top of the Old Pleistocene (Yarmouth). They employ the prevailing 
nomenclature. It is now believed, however, that most of the species 
need revision; also many of the genera. 

It will be observed that these lists, like those of our country, differ in 
number of species from place to place and often in the identity of 
species; but in all of them, for identification of geological position, are 
a few prominent forms, such as primitive elephants, mastodons, rhinoc¬ 
eroses, Equus , etc.; as in America we must rely on Elephas imperator, 
E . haroldcooki , Stegomastodon , Equus , and the Camelidae. In both 
these countries these fossils, for the most part, bind the formations to 
the early Pleistocene; the Cromer fossils attach the Cromer beds appar¬ 
ently to the first or second interglacial stages. 

Therefore as regards the Melbourne beds of Florida, the writer 
is confident that, notwithstanding the prevalent theories of successive 
Pleistocene submergences and consequent terraces, of dissolution of 
fossils from these terraces by percolating waters, of terraces formed 
within 15,000 years; of the notion that Florida was a land where the 

21 Haug. Traitede geologie. 1620. * 



